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We have found that the current-voltage characteristics of La0.7Sr0.3MnO3(−δ)/Nb:SrTiO3 rectify-
ing junctions are quantitatively well-described by (thermally-assisted) tunneling with an effectively
temperature-independent Schottky barrier under no magnetic field, while those of the oxygen defi-
cient junction remarkably deviate from such a simple behavior as magnetic field is applied. These
results indicate a new form of magnetoresistance arising from magnetic field changes of the interface
band diagram via the strong electron-spin coupling in manganites.
PACS numbers: PACS numbers: 73.20.-r,73.30.+y, 75.70.Cn
The large magnetotransport effect of manganites both
in bulk and in layered structures is one of the outstand-
ing phenomena observed in transition-metal oxides.[1]
In double-exchange manganites, external magnetic field
aligns the fluctuating t2g spins near the Curie temper-
ature (TC), significantly increasing the conductivity of
the eg electron due to a strong Hund’s-rule ferromag-
netic coupling between the eg electron spin and the t2g
local spin (colossal magnetoresistance, CMR). On the
other hand, in manganite-insulator-manganite spin tun-
nel junctions,[2] or at polycrystalline grain boundaries,[3]
external magnetic field induces a switching between a
high resistance and low resistance state, which corre-
sponds to the switching between ferromagnetic and an-
tiferromagnetic alignment of the manganite electrodes
or grains (tunneling magnetoresistance, TMR). A large
change in the resistance in TMR originates in the 100
% spin-polarized character of the valence band [4] and
hence is significant at lower temperature, while CMR
appears near TC . Very recently, however, it has been
reported that some single-interface manganite-titanate
junctions, which are the most simple building blocks
for artificial manganite structures, show significant junc-
tion magnetoresistance.[5, 6, 7, 8] In particular, junc-
tions formed with La0.7Sr0.3MnO3−δ exhibited large
magnetoresistance and magnetocapacitance, unlike those
formed with La0.7Sr0.3MnO3.[8] Since the observed junc-
tion magnetoresistance occurs with no spin filter, the
mechanism for such junction magnetoresistance must be
different from either CMR or TMR.
In this paper we analyze the temperature dependence
of junction current-voltage (I − V ) characteristics of
single-interface manganite-titanate junctions with and
without junction magnetoresistance. Junction I−V mea-
surement is a powerful technique to study interface elec-
tronic structure since: (1) it can be performed even un-
der external magnetic field, and (2) it sensitively probes
the very interface. This magnetic-field compatibility is
absent in various electron spectroscopy techniques, all of
which are quite useful to probe the electronic structure of
transition metal oxides when no magnetic field is applied
(H = 0).[9] At H = 0, the temperature-dependent I −V
characteristics of the manganite-titanate junctions stud-
ied here are fully consistent with the (thermally-assisted)
tunneling model. (Thermally-assisted) tunneling is rele-
vant when the Schottky barrier is relatively thin. Since
the carrier concentration is generally large and the bar-
rier width is correspondingly thin in transition-metal ox-
ide junctions, the present analysis should be quite gener-
ally relevant for understanding oxide junction character-
istics. However, the I − V characteristics of the magne-
toresistive La0.7Sr0.3MnO3−δ junction are quite unusual
forH 6= 0, stongly deviating from conventional thermally
assisted tunneling. We find that the magnetoresistance
arises from changes of the Schottky barrier by magnetic
field, originating from double exchange coupling to the
electronic structure of the interface.
We deposited oxygen deficient La0.7Sr0.3MnO3−δ and
oxygen stoichiometric La0.7Sr0.3MnO3 films with 80 nm
thickness on Nb 0.01 wt % - doped SrTiO3 (001) single-
crystal substrates by pulsed laser ablation (KrF excimer
laser). Sr and Nb substitution introduces hole and elec-
tron doping in LaMnO3 and SrTiO3, respectively. The
pulse frequency was 4 Hz and the laser fluency at the
target surface was ∼ 3 J/cm2. The substrate tempera-
ture was 700 - 750 ◦C and the oxygen partial pressure
was 250 mTorr for stoichiometric films and 1 mTorr for
oxygen deficient films during the growth. As oxygen defi-
ciencies are introduced, the hole concentration decreases
in manganites:[10] the insulator-metal transition temper-
ature was ∼ 180 K for the oxygen deficient film studied
here and ∼ 350 K for oxygen stoichiometric film. Evap-
orated Au and Al were used as the Ohmic electrodes for
La0.7Sr0.3MnO3(−δ) films and for Nb:SrTiO3 substrates.
We define forward bias to correspond to positive bias of
the manganite, and the direction of magnetic field was
perpendicular to the interface plane.
Figure 1 (a) and (b) show the forward-bias I−V char-
acteristics for the oxygen deficient and oxygen stoichio-
metric manganite-titanate junctions at 0 T. Here, un-
doped LaMnO3 is a correlated-electron insulator while
undoped SrTiO3 is a band insulator. Although it is
an open question how to model the interface between
a doped correlated insulator and doped band insulator,
since the gap size of undoped LaMnO3 is much smaller
than that of undoped SrTiO3, the present heterojunction
2may be approximated by the metal-(n-type) semiconduc-
tor Schottky junction, where only electrons contribute to
the junction transport process.[11] The thermionic emis-
sion current density (current density J ≡ I/(junction
area)) across the Schottky barrier is given by [12]
J ≃ JS(T )exp[qV/nkT ] (1)
for V ≫ kT/q. Here, JS(T ) is the saturation current
density, q is the electronic charge, n is the ideality factor
(equal to unity in a purely thermionic emission case), and
k is the Boltzmann constant. Panels (a) and (b) of Fig. 1
show that the current is linear in the forward bias voltage
on a semilog scale and the slope of I − V characteristics
increases in going from 400 K to 100 K, qualitatively
consistent with thermionic emission current,[13, 14] while
it is almost independent of the temperature below 100 K
in both junctions. By fitting Eq. 1 to the observed I −V
characteristics, we determined JS(T ) and then extracted
the temperature dependence of the barrier height φbn
using the relation [12]
JS(T ) = A
∗T 2exp(−
qφbn
kT
), (2)
where we set the effective Richardson constant A∗ to be
156 A cm−2K−2, which corresponds to the effective mass
m∗/m0 = 1.3 for Nb:SrTiO3.[15] We show the tempera-
ture dependence of JS(T ) and φbn for both junctions at
H = 0 in Fig. 2. In both junctions the barrier height φbn
gradually decreases as the temperature is lowered and is
finally reduced to an unphysically small value of ∼ 0.05
V at 10 K.
Temperature-independent slope in the I − V charac-
teristics was previously observed in a more conventional
Schottky junction fabricated with Au and heavily doped
(∼ 5×1017 cm−3) GaAs.[16] The deviation from the ideal
thermionic emission was attributed to the (thermally-
assisted) tunneling process. At low temperature, elec-
trons between the Fermi level (EF ) and conduction-band
bottom tunnel to the metal under forward bias (direct
tunneling), while at higher temperature they are first
thermally excited to an energy between EF and the top
of the barrier and then tunnel to the metal (thermally-
assisted tunneling). The forward-bias I − V characteris-
tics in the direct tunneling regime are expressed as
J = JS exp(qV/E00) (3)
where JS depends weakly on temperature as cT/ sin(cT ),
where c is a constant. E00 is a temperature-independent
parameter and is given by
E00 =
qh
4pi
[
Nd
m∗εs
]1/2
(4)
where h is Planck’s constant, Nd is the donor concentra-
tion, and εs is the permittivity of the semiconductor. As
Eq. 3 shows, E00/q corresponds to the inverse of slope in
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FIG. 1: Forward-bias I − V characteristics for the oxygen
deficient (a) and stoichiometric junction (b) at 0 T. Charac-
teristics for the oxygen deficient junction at 8 T are shown in
(c) as well as in (d) on an enlarged scale. Bold lines are linear
fitting on a semilog scale.
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FIG. 2: Saturation current density JS(T ) (a) and barrier
height φbn (b) as a function of temperature for the oxygen
deficient junction at 0 T. JS(T ) and φbn for the stoichiometric
junction at 0 T are plotted in panels (c) and (d), respectively.
3ln J − V plots, and E00 = 15.6 meV for the oxygen de-
ficient junction and 9.9 meV for the stoichiometric junc-
tion according to the slope observed at 10 K for H = 0.
On the other hand, in the thermally-assisted tunneling
regime the energy of tunneling electrons is distributed
around Em and both Em and the distribution energy
width increase as the temperature increases. There the
I − V characteristics are given by
J = JS exp(qV/E0), (5)
E0 = E00 coth(E00/kT ) (6)
and
JS =
A∗T 2pi1/2E
1/2
00 [q(φbn − V ) + ξ]
1/2
kT cosh(E00/kT )
× exp
[
ξ
kT
−
qφbn + ξ
E0
]
, (7)
where ξ is the energy difference between EF and the
conduction band bottom of the semiconductor. Again,
E0/q corresponds to the inverse of slope in ln J−V plots.
Equation 6 shows that E0 approachesE00 in the low tem-
perature limit. The thermionic emission regime is recov-
ered at high temperature and specifically, slope−1×(q/k)
approaches the measurement temperature for E00 ≪ kT .
In Fig. 3 (a) and (b) we compare the inverse of slope of
ln J − V plots at H = 0 with E0/k calculated according
to Eq. 6, where E00 is estimated from the observed slope
at 10 K. The figure shows that for both junctions, the
single-parameter (E00) function of Eq. 6 accurately re-
produces the observed slope up to 400 K, indicating that
[Nd/(m
∗εs)] is temperature independent between 10 and
400 K for H = 0. Equation 4 with E00 = 15.6 meV
and with 9.9 meV gives mrεr =(m
∗/m0)× (εs/ε0) = 4.7
and 11.6, respectively, for Nd = 3.32 × 10
18cm−3 which
is the nominal carrier concentration of Nb 0.01 weight
% doped SrTiO3. These values, which are quite small
for SrTiO3, may reflect a significant decrease in the per-
mittivity of doped SrTiO3 due to proximity to the inter-
face [17] or due to the large electric field in the junction
structures.[18]
If ξ is small compared with qφbn, the slope of
ln[JS cosh(E00/kT )/T ] versus 1/E0 plot corresponds to
−qφbn according to Eq. 7. As shown in Fig. 4, such plots
for the junctions studied here at H = 0 are almost linear
above ∼ 100 K and we find φbn ∼ 0.86 V for the oxy-
gen deficient junction and ∼ 0.66 V for the stoichiometric
junction, meaning that the gradual decrease in φbn in go-
ing from 400 K to 100 K in Fig. 2 reflects a change in the
energy of the thermal assistance rather than a change
in the barrier height. The result that both the barrier
height and [Nd/(m
∗εs)] are independent of the temper-
ature is striking since the capacitance of both junctions
shows a temperature dependence of a factor two.[19]
Contrasted to the junction characteristics at H = 0,
which are very similar to those of conventional metal-
semiconductor Schottky junctions, the characteristics for
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FIG. 3: Inverse of slope in lnJ − V plots (dots) and E0/k
following Eq. 6 (curves) for the oxygen deficient junction at 0
T (a), stoichiometric junction at 0 T (b), and oxygen deficient
junction at 8 T (c).
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the oxygen deficient junction under magnetic field are
quite unusual, as shown in Fig. 1 (c): as the tempera-
ture decreases the slope first increases between 300 K
and 150 K, shows almost no temperature dependence
around 100 K, and finally decreases again below 50 K,
as visible in panel (d) of the figure. In Fig. 3 (c) we
compare the inverse slope and calculated E0/k, where
E00 has again been determined from the observed slope
at 10 K. Since direct tunneling without thermal exci-
tation gives d(slope−1)/dT = 0, and both thermally-
assisted tunneling and thermionic emission processes give
d(slope−1)/dT > 0 for all temperature, the temperature
dependence of d(slope−1)/dT < 0 observed below 100 K
is incompatible with the temperature-independent E00.
By contrast, the I − V characteristics do not change by
applying the magnetic field for the oxygen stoichiometric
4junction.
Given the strong quantitative agreement between the
observed data and Schottky picture for H = 0, as shown
in Fig. 3 (a)(b) and Fig. 4, mechanisms within the frame-
work of the Schottky picture, if any, would be rele-
vant also for the unusual temperature dependence of
d(slope−1)/dT < 0, although the present result does not
exclude the possibility that localized charge in interface
states play some role.[12] In the context of this analysis,
the magnetic field changes the effective Schottky barrier
for junction transport, in a temperature dependent man-
ner. In order to understand the implications of this re-
sult, we emphasize that there is no spin selector at the
interface, as there is in CMR (neighboring spin orienta-
tions), or TMR (relative electrode or grain magnetization
orientations). Furthermore, in the experiments presented
here, all the potential drop is across the interface itself,
with negligible contributions across the manganite film.
Therefore, the magnetic field response does not reflect
the magnetoresistance of the film.
Based on the Schottky picture, the temperature de-
pendence of d(slope−1)/dT < 0 should have two origins.
One is recurrent temperature dependence of εs in ti-
tanate, which gives temperature dependence to E00: the
magnetic field shifts the chemical potential of manganite
[20] and hence modifies the barrier height, resulting in
a change in the electric field in titanate. Such a mecha-
nism would turn on the temperature dependence of E00
since the presence or absence of the temperature depen-
dence in εs of SrTiO3 is a function of the electric field.
The second origin is the effect of the unoccupied density
of states (DOS) of manganite. In the direct tunneling
regime, the final-state unoccupied DOS of manganite is
involved in the forward-bias I − V characteristics in an
equal manner as the initial-state DOS. A recent O K-
edge x-ray absorption measurement of La1−xAxMnO3 (A
=Ca, Sr) [21] shows that the double-peak structure just
above EF is smeared as the temperature increases. Such
a non-ideal DOS that depends on magnetic field and on
temperature leads to deviation from the simple Schottky
picture. These two mechanisms are very different from
either CMR or TMR, where the spin-dependent DOS in
the vicinity of EF play a dominant role.
In conclusion, the I − V characteristics of
La0.7Sr0.3MnO3(−δ)/Nb:SrTiO3 junctions are found
to be consistent with (thermally-assisted) tunneling
across the Schottky barrier at H = 0, while those of
magnetoresistive junctions significantly deviate from
Schottky behavior under magnetic field. Such I − V
characteristics reflect changes in the chemical potential
and in the unoccupied DOS of manganite, both of which
have not intensively been studied nor utilized for device
applications thus far.
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